Abstract-The cardinality of fuzzy sets was introduced by DeLuca and termini, Zadeh and Tripathy et al, where the first one is a basic one, the second one is based on fuzzy numbers and the final one introduces a bag theoretic approach. The only approach to find the cardinality of an intuitionistic fuzzy set is due to Tripathy et al. In this paper, we introduce a bag theoretic approach to find the cardinality of intuitionistic fuzzy set, which extends the corresponding definition of fuzzy sets introduced by Tripathy et al. In fact three types of intuitionistic fuzzy counts are introduced and we also establish several properties of these count functions.
I. INTRODUCTION
The notion of sets introduced by Cantor is fundamental to crisp mathematics. However, it was found that its modeling power is limited as real life situations are not crisp. Thus models which can handle uncertainty data needed to be developed. Thus, the introduction of the fuzzy set concept by Zadeh [1] is considered as a paradigm shift [2] . It introduces the concept of graded membership of elements instead of the binary membership of elements in a crisp set. It is a very powerful modeling language that can cope with a large fraction of uncertainties of real life situations. Because of its generality it can be well adapted to different circumstances and contexts.
The cardinality of a set in the crisp sense plays an important role in mathematics and its applications. Similarly, it is worthwhile to think of cardinality of fuzzy sets, which is a measure. The concept of cardinality of a fuzzy set is an extension of the count of elements of a crisp set. A simple way of extending the concept of cardinality was suggested by Deluca and Termini [3] . Another approach to define the cardinality of a fuzzy set which depends upon the probability measure of a fuzzy set is due to Zadeh [4] and is termed as the sigma count or the non-fuzzy cardinality of a set. One of the most natural ways of defining the cardinality of a fuzzy set is due to Zadeh [5] in which the concept of fuzzy number introduced by Mizumoto et al [6] has been used.
According to fuzzy set theory, the non-membership value of an element is one's complement of its membership value. However, in practical cases it is observed that this happens to be a serious constraint. So, Atanassov [7] introduced the notion of intuitionistic fuzzy sets as a generalization of the concept of fuzzy sets. The only definition of the count of an intuitionistic fuzzy set proposed so far is due to Tripathy et al [8] , which is in the direction of Deluca and termini [3] . The notion of crisp set has two limitations. The first one is that the repeat ion of elements is not permitted and the second is that the order of elements is not important. In an attempt to remove the first constraint, that is to permit multiple occurrences of elements in a collection, the concept of bag or Multiset [9, 10, 11, 12] was introduced and as expected it has better modeling power than a set. For example, telling the number of copies of books in a store provides better idea than simply telling which books are there in it. In this paper, we introduce another approach to the count of an intuitionistic fuzzy set, which follows the bag theoretic approach of Tripathy et al [13] in defining three types of fuzzy counts. We establish many properties of these three fuzzy counts and find that some of the properties in the base case do not hold true in the generalized case.
The structure of this paper is as follows. In the next section we present the notations and definitions to be used in the paper. In section 3, we introduce our notion of intuitionistic fuzzy counts using the bag theoretic concept. In section 4, we establish some properties of these intuitionistic fuzzy counts. We follow it with a conclusion in section 5 and the list of references in section 6.
II. DEFINITIONS AND NOTATIONS
In this section, we shall provide some definitions and notations to be used in this paper. Definition 2.1: Let X be a universal set. Then a fuzzy set A on X is defined through a membership associated with A and is denoted as Clearly a fuzzy set A is completely characterized by the set of points {( , ( )) :
In a fuzzy set as defined above it is assumed that the non-membership function is always equal to the one's complement of the membership function. That is the nonmembership values of the elements can be obtained by subtracting the membership value from one.
But in many real life situations it can be seen that this is not the case. For example, in the exit polls, besides the "yes" and "no" options there is a third option called "can't say". The elements in the last category are uncertain about their decision. Hence, in this case the membership of an element into the "yes" category cannot be equal to one's complement of its non-membership, which is membership in the "no" category.
Bearing these types of examples the notion of intuitionistic fuzzy sets was introduced by Atanassov in 1986 [7] , which is formally defined as follows. 
For a fuzzy set the hesitation for any element in the set is zero. So, obviously when
 
an intuitionistic fuzzy set reduces to a fuzzy set. 
As mentioned above, number of times an element occurs in a set has no meaning or in other words we do not allow repetition of elements here. However, in real life situations, repetition of elements is significant as explained through an example in the introduction. A collection of distinguishable elements where repetition of elements is allowed is called as a "bag" or a "multiset".
This notion was introduced by Cerf et al ( [9] ) in 1971, Peterson in 1971 ( [11] ) and Yager in 1986 [12] . These authors have mostly used the term "bag" to address this model. Several properties of bags have been established by these authors. This study was further carried out by Chakraborty et al ( [14] ). We formally define it as follows. 

The following definition of the cardinality of a fuzzy set, also called as its sigma-count is given by Definition 2.6: The non-fuzzy cardinality of a fuzzy set A given by  Out of the above three definitions of count of fuzzy sets, the extension of definition 2.5 is straight forward and that of definition 2.6 is due to Tripathy et al [9] . In this paper we consider the third case and extend it to the context of intuitionistic fuzzy sets and prove many of its properties.
III. CARDINALITY OF INTUITIONISTIC FUZZY SETS
In this section, we introduce the concept of cardinality of intuitionistic fuzzy sets using bag theoretic concepts.
Let us assume an intuitionistic fuzzy set A defined over a universe of discourse X us represented as- 
This implies that FGCount(A) is a special case of IFGCount(A). 
 .
Proof: By the definitions of the three concepts of intuitionistic fuzzy greater count, intuitionistic fuzzy lower count and intuitionistic fuzzy equal count we have LHS is a subset of each of the components in the RHS and hence is a subset of their intersection. Also, 
So RHS is a subset of the LHS. This completes the proof.
Before establishing the next theorem, we define an ordering of elements on J, which is a partially ordered relation. 
IV. PROPERTIES OF INTUITIONISTIC FUZZY COUNTS
In this section, we establish some properties of the three fuzzy counts. This completes the proof.
)
= |{ x :  A (x)   and A (x)   }|  |{ x :  B (x)   and  B (x)   }} Hence, IFGCount(A) ÍIFGCount(B)
Theorem 4.2:
For any two Intuitionistic fuzzy subsets A, B on a finite set X, we have 
since one of the two is the maximum and the other is the minimum.
This completes the proof. 
Proof of (ii):
), Finding the cardinality of a fuzzy set is an interesting topic and there were three different approaches to define this due to Deluca and Termini, Zadeh and Tripathy et al. Since intuitionistic fuzzy sets are generalizations of fuzzy sets recently their cardinality was obtained as an extension of the definition for fuzzy sets given by Deluca and termini. In this paper, we provided one more definition of cardinality of an intuitionistic fuzzy set as an extension of the bag theoretic approach of Tripathy et al. Also, we establish many of their properties like-the cardinality of sets, which are used in order estimation of complexities of algorithms, the cardinality of fuzzy sets and that for intuitionistic fuzzy sets can be applied for the order of estimation of complexities of fuzzy and intuitionistic algorithms and interpretation of test score semantics.
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